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SECTION III.-FORECASTS. 
FOBECASTS AND WABNINGS FOR MABCH, 1916. 

By H. C. FRANKENFIELD, Profesaor of Meteorology. 
[Dated: IT. 8. Weather Bureau, Wsshingtcm, D. C., Apr. 1,1916.] 

OENERAL PRESSURE DISTRIBUTION OVER THE UNITED 
STATES AND CANADA, INCLUDINQ THE HAWAIIAN AND 
ALEUTIAN ISLANDS, ALASKA, AND THE WESTERN PORTION 
OF THE MIDDLE ATLANTIC OCEAN. 

High pressure prevailed quite enerally over the 

half of the month, and moderately low ressure during 

88 indicated by the observations at Honolulu, the reverse 
conditions obtained, except during the last week of the 
month when conditions were nearly nornid. Over 
southern Alaska low ressure redominated with marked 

There were but two brief periods of above-normal 
ressure, one between the 11th and 14th and the other 
rom the 2Stli until the close of the month. 

Over the North Pacific States there were alternating 
periods of moderate departures from the noma1 pres- 
sure, each about o m  week in length, be inning with low 

States changes duriw the month were not, of consequence. 
From the Plateaukegion eastward ancl southeastward 

there was a const.ant series of high ancl low pressure areas 
at intervals of about t h e e  days, axid some of these wore 
of pronounced character and estremely rapid niove- 
ment, notably the low area that WEW fiixt iioted on the 
5th over southern. Alaska, reachin the Atlantic coast 

first appeared over Alberta on the evening of the 19tli, 
reaching the middle Atlantic coast three days later. 
The principal high pressure area of the month began with 
the 14th over Alberta and swept southeastward to the 
Gulf coast during the succeeding four or five days. Over 
the western Atlantic Ocean, as indicated by reports from 
Bermuda and Turks Islknd, there were rapid ctlternations 
of moderately hi h and moderately low pressure, until 

continuously. 

Aleuhan Islands and northern Alas 1 a during the fiist 

the second half, as a rule. Over the Sout f 1 Pacific Ocean, 

depressions on the 5t % E  and 6t and on the 21st and 22d. 

P 

eressure during the first week. Over t P le South Pacific 

about three days later, and dso t B e disturbance that 

the last week of t B e month when low pressure prevniled 

STORM WARNINGS. 

On the morning of March 1 R disturbance of marked 
character was central over western Oklahoma with an 
extensive high pressure area and a cold wave to the 
northward. This disturbance moved southeastward to 
the mouth of the Rio Grande and thence northeastward 
by way of Geor ia to the North Carolina coast and 

intensity as it progressed, so that b the morning of 
March 5 the barometer a t  Port aux &que read 28.84 
inches. On the mornin of the 3cl the storni was central 
off the Carolina coast, %ut no strong winds had as yet 
occurred and northwest storm warnings were ordered 
from Jacksoiiville to New York, aiid northeast warnings 
on the New England coast eastward as far as Cape Cod. 
Small-craft warnings were also ordered on the Florida 

thence to the Gul B of St. Lawrence, increasing steadily in 

coast as far as Fort Pierce. As the storm reached the 
Virginia coast, it was attended b snows that extended 
northward into New England an strong northerly ales 

revailed durin the afternoon and ni h t  of the 3d rom 

Carolina northward. On the morning of the 4th a dis- 
turbance from the Pacific was central over British Colum- 
bia. It moved rapid1 southeastward with steadily 
increasing intensity, an i on the morning of the 6th was 
central over Iowa with moderately high pressure to the 
eastward. Special observations indicated a further 
increase in intensity and at  5 p. m. southeast storm warn- 
ings were ordered from Delaware Breakwater to Portland, 
Me. During the following night strong winds occurred on 
the New England coast and on the morning of the 7th, 
when the storm was central over Geor ian Bay, southeast 

7th the disturbance divided, with one center over Durinathe sout ern 
coast, and strong winds occurred as forecast. 

Virginia and another over southern Lake Huron. In 
view of the probable developnient of the Virginia section, 
northeast storm warnings were ordered a t  10 a. ni. of thc 
Stli from Sandy Hook to Boston, and a t  11 a. ni. north- 
west waiiiiiigs southward to Savannah, Ga. At 2:30 p. m. 
the northeast warnings were extended along the entire 
New England coast and during the day and ni h t  of the 
Sth stroll gales occurred as indicated, with v e f  ocities on 
the Now B ngland coast reachin from 53 to 56 miles an 
hour with quite heavy snow. h o n g  the south Atlantic 
coast only moderate gales occurrcd. On the morning of 
the 9th; with ressuro of 25.92 inches at Eastport, Me., 

to northwest and fresh to strong westerly gales occurred 
during the day. At 9 p. m. the warnings were lowered. 

In the meantime another disturbance from the North 
Pa.c.ific. a peared over British Columbia on the mornin 
of the 7t%, and by the morning of the 10th it had reache 
the upper St. Lawrence Valley in well-defined formation. 
At 10:30 a. m. southwest storm warnings were ordered 
froni Delaware Breahwater to Eastport, with instructioiis 
to change the same to northwest at sunset. Moderate 
gales occurred durip the afternoon aiid night of the 10th 

f c9 
facksonville to B astport, and also on t 8, e 4th from Nort,h 

warnings were also ordered for the ba 5 ance of the Maine 

the warnings P Porn Sandy Hook eastward were changed 

% 

as far south as No 2 olk, Va. Another disturbance from 

southwestward, northeast storm warnin were ordered 
from Cape Henry, Va., to Eastport, Be., for it was 
a parent that the storm would continue eastward off the 
Zrginia coast. On the mornin of the 15th northwest 

Jacksonville, and during the day fresh gales occurred along 
the entire coast from Jacksonville northward. The 
storm center had turned northeastward after reaching the 

warnings were ordered south o P Cape Henry as far as 



130 MONTHLY WEATHER REVIEW. MARCH, 1916 

Virginia coast, and the warnings, changed to northwest, 
were continued from Delaware Breakwater northward 
except a t  East ort, Me. The winds did not subside until 

Durin the night of the 19th a disturbance appeared 
over A1 g erta and moved southeastward with rapidly 
increasing intensity, so that by the night of the 21st i t  
was central over western Missouri with a barometer 
reading of 29.18 inches a t  Kansas City. As there was 
quite a strong adient to the southward, small-craft 

coast o !? the Gulf of Mexico, and fresh to strong south and 
southwest winds were forecast. These occurred as indi- 
cated. On the mornin of the 22d the disturbance was 

in intensity. Southeast storm warnings were ordered 
at 9:25 a. m. from Delaware Breakwater to Eastport, 
with adviceg rea that strong gales and snow were 

with continuin gales and much colder. Southwest 

as far  as Jacksonville and stron southwest to west gales 

of the month. Stron gales occurred along the entire 

the middle Atlantic and New England coasts by quite 
heavy snowfall. The storm continued rapidl enstward, 

Moderately strong westerly winds were prevailing, but 
the storm warnings were not renewed. 

The ra id succession of the northwestern disturbances 
continue8, and on the night of the 23d another. of marked 
intensity was central over eastern Colorado. On the 
morning of the 24th there were two centers of disturb- 
ance-one over eastern Nebraska and another over 
western Colorado. Both moved eastward with decreas- 
ing intensity, but the southern one was suiEcient to cause 
fresh to stron southerly winds on the east Gulf coast, 

p. m. of the 24th. This disturbance, in marked contrast 
to its predecessors, moved very slowly eastward, taking 
four days to make the 'ourney from the middle Missis- 

o t e 27th, when the rinci a1 section of the disturbance 
was central over Nort Car0 a, its further develo inent 
was more or less uncertain and advisory messages o fresh 
to strong northeast winds were distributed along the 
middle Atlantic and southern New England coasts, but 
storm warnin s were not ordered, as it was not thought 

ing morning indicated that this view was correct, but 
small-craf t warnings were ordered from Delaware Break- 
water to New York and moderately strong winds occurred. 
On the mornin of the 29th the disturbance still persisted 

of development to the northeastward and northeast 
storm warnings were accor ly ordered for Block 

some stron winds during the day, but none of conse- 
quence, a n f a t  9 p. m. the warnings were lowered. 
In addition to these warnings, small-craft warnin 

fresh and moderately strong winds that occurred. 
While the northwestern storms were making their 

rapid progression across the central portion of the 
country, cautionary advices to open ports on Lake 
Michigan became necessary at times and such were 

during the nig % t of the 16th-17th. 

warnin were or T ered displayed on the 22d on the middle 

central over southern % hi0 with a still further increase 

expected, with win 9 s shifting to north and northwest 

warnings were a !a o ordered a t  the same time southward 

were forecast. This proved to % e the most severe storm 

coast from northern F I onda northward, accompanied on 

and on the mornin of the 23d was central o z the coast 
of Nova Scotia, wit % a barometer reading of 28.92 inches. 

for which sout I east storm warnings were ordered a t  10 

i Valley to the Nort i Carolina coast. On the night "p% 

that they wo 3 d be necessary. Conditions on the follow- 

off the North 72 arolina coast with some faint evidences 

P 1 : E n  

Island, R. I., and Nantucket, 9 ass., only. There were 

were ordered at various times on the Gulf coast for t 8" e 

ordered on the night of the 5th, warnin that gales might 
be ex ected on the follo 
9th, P or strong soutliweatery 7 winds; and again on the 
evening of the 21st for strong northeast to north winds, 
possibly gales with snow and rain. These advisory 
warnings were justified in each instance. 

day; on t % e morning of the 

COLD WAVES AND FROSTS. 

A marked high pressure area with low tem ratures 
followed the storm of the early days of the m o n t c  and on 
the mornin of the 3d cold-wave warnings were ordered 
for North barolina, South Carolina, Geo ia, and the 
northern and central portions of Florida. % hese warn- 
ings were verified by the occurrences on the 4th of 
freezin teniperatures to the Georgia-Florida line and by 
heavy f rosts in northwest Florida. However, the fall in 
temperature advanced eastward more rapidly than had 
been anticipated and the cold wave had already covered 
the interior of the Southern States on the afternoon of the 
3d, following a forecast of colder weather made on the 
Rfevious day. On the morning of the 4th,with marked 

igh pressure and low temperatures revmling over the 
South, frost warnings were issued ! or Florida as far 
south as the interior of the southern portion. Heavy 
to killin frosts occurred on the mornin of the 5th as 

and low temperatures prevailing over Texas following 
a disturbance that was passing up the Atlantic coast, 
frosts were forecast for South Carolina, southwest 
Georgia, and the east Gulf States, and on the morning 
of the 9th frost occurred as forecast in South Carolina, 
Georgia, and Florida, but none was reported from 
Alabama and Mississippi, although freezing temperatures 
occurred in portions of the two last-mentioned States. 
As pressure conditions had not chan ed materiaIly, 
warnings were issued on the mornin of t f e 9th for frees 

frost in Georgia and the central and northeast portions 
of Florida, which forecasts were fully verified by the 
occurrences on the following morning. 
On the morning of the 11th a moderate disturbance 

was moving off the Georgia coast with a cold high area to 
the northwestward; warni of frost and freezing 

temperatures were reported on the following morning 
with heavy frost extending into southern Georgia. These 
Georgia and Alabama frosts had already been forecast 
on the morning of the 11 th. There was no prospect of any 
immediate change of conditions over the Southeastern 
States, and accordinglyfrost warnings were ordered on 
the morning of the 12th for the interior of South Carolina, 
for northern and central Florida, and for Georgia. The 
frosts occurred on the morning of the 13th as forecast. 

At this time the high ressure area from the Canadian 

falling temperatures, but as it was thought t at  there 
could be no further decided f d  in tem erature, no 
warnings were ordered for the cold waves t ?tl at actually 
occurred on the morning of the 14th over the eastern 
and southern portions of up er Michi an, where the 
tem eratures were 0' F. or sightly be f ow. Nor w m  

nessee, and the South for the cold wave that occurred 
on the morning of the 15th, although colder weather hsd 
been forecast over practically this entire district. This 
cold wave was caused by the rapid eastward movement 
of the low presaure m8 of the 14th that extended from 

indicate$. On the morning of the 8th, wit 5l high pressure 

ing temperature or heavy frost in t 7l e Carolinas and for 

temperature were issued for Y outh Carolina, and freezing 

?tl 
Northwest had reached E a h  Superior, accom anied by 

col 2 -wave warnings ordered over the Ohio Valley, Ten- 
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Texas to the u per Ohio Valley, and of the strong cold 
b h  area to t R e northwestward. On the night of the 
14th, however, warnings of frost or freezing temperature 
were sent to stations in Alabama and Mississippi, and 
on the morning of the 15th to Mississippi, Alahamn., 
northern and central Florida. Cold-wave warnings 
were also ordered for North Carolina and warnings of 
frost and frnezing tem erature for the interior of South 
Carolina, eastern a n 8  southern Georgia, and south- 
western Virginia, and on the following morning con- 
ditions were as had been forecast. 

On the morning of the Mth, with cold hi h pressure 
still prevailing throughout the West and Sout E, warninT 
of freezin 
Carolina, %outh Carolina, Georgia, and northern and 
central Florida and warnings of frost in central Florida 
as far down as the twenty-slxth arallel. On the morn- 
in of, the 17th frost occurred as P ar south as the northern 
su % urbs of Miami, Fla. As conditions were changing 

d but slowly, frost warnin were repeated on the niornin 
of the 17th for the Carofias, Georgia, and northern an 
central Florida, as far south as the twenty-seventh parallel, 
and again frosts occurred as forecast. 

On the mornhg of the 22d the great storni of the month 
was central over southern Ohio, with a hioh area over 
Manitoba moving sou theastward. Acco&ngl cold- 
wave warnings were ordered for Kentudiy, kdiana,  
central and southern lowei Michigan, Ohio, West Vir- 
ginia, and the southern ortion of western Pennsylvania, 

tions of Alabama and Mississippi. These forecasts were 
verified, escept in a few scattered localities where the 
fall in temperature was not sufficient to technically 
justify the cold-wave warnin . The mininium tem- 

Rowever. On the morning of the 234 with moderately 

temperature or lower were sent to Nort 

and frost warnings for i! ennessee and the northern por, 

eratures reached were much T elow the required liniit- 

over the Ohio Valley, warniiigs were issued 
temperature in Virginia, heavy frosts in 

and frosts in South Carolina, northern 
and cen t rd  Georgia, and centrd and eastern Tennessee. 
These forecasts were not verified, as the rapid approach 
of a disturbance from the extreme West caused east and 
southeast winds with increasing cloudiness. 

On the morning of the 26th, with a slow1 moving dis- 

over the central Rocky Mountain region, frost warnings 
were ordered for Alabama, Mississi pi, western and 

contingent u on the weather clearing. Cold-wave warn- 

eastern Indiana, and Michigan. At the time these 
warniiigs were made the westeni disturbance had been 
progressing at a fair rate and the forecasts were 
cated upon the assumption that this rate wo fdi- d be 
maintained. However, the succeeding 24-hour move- 
ment was very slight and, aa a consequence, the cold- 
wave and frost forecasts were failures. On the niorning 
of the 27th frost warnings, predicated upon clearin 
weather, were again issued for northwestern Sout % 
Carolina., northern aud central Georgia, Alabama, E s -  
sissippi, and Tennessee, and on the mornin of the 28th 

Tennessee, where cloud weather continued. 

North Carolina, interior South Carolina, northern and 
western Georgia, the northern portions of Alabama and 
Miissippi, and for Tennessee. Frosts occurred on the 
following morning over Tennessee and the east Gulf 

turbance central over Missouri and marked ll igh pressure 

southern Tennessee, and extreme nort K western Florida, 

ings were a s o  P ordered for northwestern Ohio, north- 

frosts occurred RS forecast, except in centra 7 and eastern 

On the morning of t K e 28th frosts were forecaHt for 

districts, but failed in the Carolinas and Georgia on 
account of the slow movement of the low pressure area 
above referred to. On the 30th, with highpressurepre- 
vailing generally east of the Mississippi River, frosts were 
forecast for southeastern Geo a, northwestern South 

verified except in Georgia. On the morning of the 31st 
frost warnings were also issued for southeast Virginia, 
and on the morning of &4pril 1 light frost was reported. 

Carolina, and the interior of i@ orth Carolina, and were 

DISTRICT WARNINGS DURMQ MARCH. 

katchewan to western 

Saskatchewan 

Iowa, and extreme northern Illinois. No other warnings 
were issued durin the month, escept on the morning of 
the 25t,h, when co 5 d-wave warnings were ordered for the 
upper Mississippi and lower Missouri Valleys, a disturb- 
ance being centered over Missouri at that time, with in- 
creasiw pressure attended by lower temperature in the 
trans-&ssouri region. 

The only frost warning issued was that for Cairo, IU., 
011 the 27th.-CAarZes L. dlitchall, Assistant Forecaster. 

Deliver Distri.ct.-Cold-wave warnings were issued on 
the inorning of March 2 for southwestern Colorado, north- 
western New Mesico and northeastern Arizona, and were 
fully verified. Cold-wave warnings were again issued on 
the morning of the 23d for western Utah, and on the e v e  
ning of that date for eastern Colorado and eastern New 
Mesico. These were verified exce t in the vicinity of 
Pueblo and in southeastern New gexico. On account 

Distiict Foremtcr. 
New OrZeuns Dishct . -On the morning of March 1, a 

cold-wave warning was issued for Abilene, Tex. Small- 
craft waimings were ordered for stations on the Texas 
coast on the 14th, 21st, and 23d. On the 25th a s m d -  
craft warning was issued for New Orleans. Frosts oc- 
curred on several dates as far south as the berry region, 
for all of which warnings were issued. On two dates con- 
ditions indicated the robable occurrence of fros!, and 

were issued, but not verXed.- illiam B. Stochn,  
Assistant Foreaster. 

Portland, Oreg., Diitiiet.-Live-stock warnings were 
issued on March2 and4. They were in continuation of the 
the warning issued on February 28 and extended on the 
39t.h to cover all sections where such warnings were 
desired. These warnings were well verified. Most of the 
storm warnings issued were general, and all were verified 
in whole or part except that of the 19th. The most severe 
storm occurred on the 21st, an 80-mile southerly gale hav- 
ing been reported from the mouth of the Columbia River. 

Of the frost warnings sent out, those on the 17th, 24th, 
and 25th were not verified. Fruit buds in several locali- 
ties were far enough advanced to be susce tible to dam- 

5 7  
warnings of probable f rosts in a ortion of the &strict 

age from freezing temperatures and sever s of the warn- 
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ings sent to the Rogue River Valley were not specidly 
timely or accurate.-T. Franeis Drake, Local Forecaster. 

San Francisco Dktrict.-The only important warnings 
issued during March were those for frosts on the 23d and 
24th. Frosts occurred quite generally on the inornings of 
the 24th and 25tl1, but moderate winds ancl some cloutli- 
ness revented any serious injury.-(/. Ii. IVilbon, Dia- 
trier !l owcaster. 

C’ oG,> 
ON PBESSURE-CHANGE CHARTS. 55A 3 ,  

By EDWARD H. BOWIE, District Forecrtsler. 

[Dated: Washia@on, Nov. 27,1915.1 

changa in the constructioii of the 
at the central office of 

effective on August 1, 1915. 
Durin many years previous to 6his date’ there were 
entere% on these charts the. 24- and 12-hour changes ancl 
the departure from tho norind sea-level pressures for all 
stations from which both thc! S a. in. and S p. 111. (sevent 
fifth meridian time) observntions wtw iw:&cd by t r E  
graph from the area comprising tlir United Stntru aid 
southern Canada. The 1 %hour chungcts weiv made after 
the application in each case of a correction for the diurnal 
fluctuation that made the S a. m. comparable with the 
pressure observed at  the previous 8 p. m. observation, 
and similarly the 8 p. ni. with the pressure at! the pre- 
ceding 8 a. m. observation. There was obviously no 
correction necessary in making the 24-hour changes. 
The msure changes havin been computed, hnes 

fall in 24 hours and a heavier red line drawn through 
Similar1 , blue lines (isallobars) 

(isallo%ars) in red were drawn P or each 0.10 inch rise and 

for each 0.10 inch rise and fal T were drawn for the 12- 
oints of no change. 

the observation. Figures 
show the old form of pressure-change ma , and Sgures 
3 and 4 are reproductions of the revisermaps. The 
“barometric tendency” is indicated by large bold-faced - 

made that the forecaster might see at  
between the highs and lows and the 

ressure changes that have takenuplace during the time 
getween the current observation and that whch imme- 
diately preceded it, and it is the consensus of opinion of 
the forecasters a t  the central office of the Weather Bureau 
that the new form of pressure-change chart has mnny 
advantages over the one previously in use and is a valu- 
able aid in forecast work. 

1 The 

F l w  LE. B. 1 t0 LE. B. 8 fOm ehsrts XLlVStkl45.  

eparation of premurex-bange chsrta in the Forerast Division, IJ. 8. WesLher 
Bureeu $egm in 1872 when observations were telegraphed thrice dsily and charta for 
&hour htervala were ’prepsred until June 20,1888. 

NATURE OF THE PRESSURE CHANGES. 

There have been published a number of theories as to 
the origin and nature of the areas of rise and fall in pres- 
sure as shown by the pmssurc-chanae maps. Hanzlik 
in B paper on “Relutions between vefocities of l o w  and 
the artw of rising and falling prcssuiu? accompanying 
them” (MONTHLY WEATHER REVIEW, May, 1906, 34: 
205) writrs : 

The reaultR of the investikmtion on the relation of areaa 01 falling and 
rising ressure to the lorn are given by Bresnewsky: 

(1) %e center of the cyclone is always to the left of the point of 
moat rapid fall of prewure. (2) This is explained &B duc to the greater 
cccentnrity of the outer isobars of the cyclono and also due to the 
difference of barometric gradients on both sides of cyclones. (3) The 
area of most rapid decrease in the southeast quadrant of the cyclone 
coincides with the area of strongest storms and moves nearly parallel 
to the center of the cyclone. (4) There are csaea when the area of 
fall moves a parently independently of the cyclohe while the latter 
remaina nea$y stationary in the extreme north of Europe. These are 
the moat important points in Bresnewsky’s investigation that concern 
the relation of cyclones to the areas of fall and rise. 

The atmospheric waves arc?, in Ekholm’s opinion, very important 
phenomena. When there we strong storms in Swedish watera the are= 
of fall and rise follow sindm tracks parallel to each other, while the 
cyclone keeps soiuewhat to the left of the track of the area of fall. 
\Vheu the cyclone rewhes the land the intensity of the stom diniin- 
iehea, the velocity of motion of the storm decreases, and the are= of 
fall and rise, with mine delay, move in n southern or southwestern 
direction aa i f  there were no apparent connection between them and 
the cyclonic area. The continued study of theso areaa of change in 
their relation to the c clones led Ekholm to believe that f or the weather 
and wind theae are o? ater im ortance than the cyclonea themselves. 
“It seem to me highTprobabL,” Ekholm,l “that theae oscilla- 
tiona are cawed by tge cyclones ::ranticyclones of hi her leveh, 
which sometimes but not always cawe a corresponding cyckne or anti- 
c clone on the surface of the earth.” Worthy of mention ia the c - 
c%nic character of the area of fall, namely, the overcast sky and tze 
occurrence of rain. Eliholm cloaea his paper with some remarks on the 
charta of change for other nieteorological elements. 

Hanzlik expressed a view concerning the areas of risb 
and f d  that IS quite different from that of Ekholni. He 

.would bring the moving areas of falling and rising pres- 
sure iuto close connection with both the currents assumed 
to roduce the lows. He nssocilttes the northerly winds 
wi$ the areas of rise and the southerly warm winds with 
the areas of fall, (1) becausc the extreme temperature 
c.hanges lie within the areas of rise and fall, and (2) 
because these two currents are assumed to be the primary 
cause which gives rise to the low. 

The present writer is of the opinion that these areas of 
rising and falling pressure are not independent phenomena, 
althou h they may seem to be, but that they arise directly 
from t e movements of ancl changes in ressure in hi hs 
and lows, with which they are associatecf This it is e- 
lieved, is demonstrable and an effort will be mahe herein 
to show the truth of this statement. 

% a 

OBSERVATIONS ON MAXIMUM PRESSURE-CHANGE AREAS. 

One hardy needs to demonstrate the truth of the fact 
that a symmetrical low is, at any givm moment, moving 
toward that oint or region mthin it,s area where the 

tliroudi the contor of 
or the low center 

l’he least 
e in pressure will be, of course, alony two lines 

to the direction of movement of the ow, one on 

pressure a t  t E e moment of observation is 

and normal to the closed concentric isobars. 

3 Ekholm, in Metemol. Ztsehr., August, 1904,ZI: 355. 


